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Sodium thymonucleate fiblccs give two d i s t i n c t  types of 

X-ray diagram. The first ,  corresponding t o  a c r y s t a l l i n e  

form obtained a t  about 75% r e l a t i v e  humidity, has  been des- 
v 

A t  h igh humidi t ies  a . A  c r ibed  i n  d e t a i l  elsewhere ( .  
) * 

new s t ruc tu l ' e ,  showing a lower degree of order appears, and 

p e r s i s t s  over a wide range of ambient humidity and water 

conten t .  The water content  of the f i b r e s ,  which are crys- 

t a l l i n e  a t  lower humidities, may vary from about 50% t o  

s e v e r a l  hundred per cent .  of the d ry  weight i n  t h i s  3 t ruc tu re .  

Other f i b r e s  which do not  give c r y s t a l l i n e  s t r u c t u r e  a t  all, 

show this  l a s s  ordered s t r u c t u r e  a t  much lower humidi t ies .  

The diagram of t h i s  s t r u c t u r e ,  which we have called s t r u c t u r e  

By shows i n  s t r i k i n g  manner the  f e a t u r e s  c h a r a c t e r i s t i c  o f  

h e l i c a l  s t r u c t u r e s  ( 1 Although this cannot be taken 

a s  proof  t h a t  t h e  s t r u c t u r e  is h e l i c a l ,  o ther  consfderat ions 

make the ex i s t ence  of a h e l i c a l  s t r u c t u r e  h igh ly  probable. 

S t r u c t u r e  B is der ived from' the c r y s t a l l i n e  s t r u c t u r e  A 

when the  sodium thymonucleate (NaDNA) f i b r e s  take up q u a n t i t i e s  

of water in  excess of about 40% of t h e i r  weight. 

is accompanied by an increase  of about 30% i n  the  l eng th  o f  

t h e  f i b r e ,  and by a s u b s t a n t i a l  re-arrangement of  the molecule. 

It t h e r e f o r e  seem reasonable t o  assume t h a t  i n  s t r u c t u r e  B 

The change 

t h e  s t r u c t u r a l  u n i t s  of  NaDNA (molecules o r  groups of molecules) 

a r e  r e l a t i v e l y  f r e e  from the inf luence of neighbouring groups, 

each u n i t  being sh ie lded  by a shea th  of water.  Each ur,it is 

t h e r e f o r e  f r e e  t o  take up i t s  least-energy conf igura t ion  

independently of' i ts neighbours and, i n  view of t h e  na ture  of 

the long-chain molecubes involved, it is  h ighly  l i k e l y  t h a t  the 



2. 

g e n e r a l  form w i l l  be h e l i c a l  ( 

pothes is  of a h e l i c a l  s t r u c t u r e ,  i t  is  imledia te ly  possLb l s ,  

from the X-ray diagram of  s t r u c t u r e  B,  t o  make c e r t a i n  

deductions a s  t o  t h e  na ture  and dimensions of tha helix. 

1. If we adg-pt t h e  Ly- 

From t h e  angle between the s t r a i g h t  lini?3 which C ~ A  ba 

drawn through the  o r i g i n  and the innermost maxima of t n a  Ist, 

2nd, 3 r d  and 5th l a y e r - l i n e s ,  t h e  diameter of  t h a  h a l i x  can 

be ca l cu la t ed .  It is Pound t o  be about 20A. Since this 

l i n e a r  a r r a y  of mexima i s  one of  the strongest feat-iirss o f  

t h e  d iag ram,  we must conclude t h a t  a { c r y s t 3 l l o g r a ~ ~ i c & l ~ ~ ~  

very important pa r t  of the moloculo l i e s  on 8 h e l i x  Gf -zkL:: 

dlametor. This can only be the phosphata groups (OT, ~s?’;iaps, 

the  phosphorus a toms)  . Thus, if tbs structure i s  h a l i c s l  

we f i n d  t h a t  the phosphate groups l i e  on a h e l i x  of d i s a s t e r  

about 20A, and t h e  sugar and base groups must accor5inSiy Sa 

tu rned  inwards towards  t h e  h e l i c a l  a x i s .  

--. --- - 

This i s  i n  agreement rkith the conclusion which ’6’6 reached 

previous ly  by q u i t e  other  reasoning ( 

whatever the s t r u c t u r a l  u n i t ,  t h e  phosphate groups r am2  ’36 on 

t h e  ou t s ide .  Thero were two p r i n c i p a l  reasons f o r  bel lav l i lg  

t h i s .  The first der ives  from t h e  work of  Gulland and h is  

c o l l a b o r a t o r s  who showed t h a t  even i n  aqueous s o l u t i o n  tha -CO 

and -?GI2 groups of the bases a re  inaccess ib le  and cannot 33 

t i t r a t e d ,  whereas the phosphate groups a re  fully acccsa ib le .  

The second is our own obvervations on the way i n  which t k a  

s t r u c t u r a l  units i n  t h e  c r y s t a l l i n e  s t ruc t i l r e  A a r e  r ’ loa tcd  

a p a r t  by an excess of water,  tne process being a contirnuouri 

one which leads  t o  t he  fonmation f i r s t  o f  a g e l  and ult’L~ria”,ly 

t o  a s o l u t i o n .  

presumed t o  l i e  i n  *he phosphate groups; ( (CZH~O~ZPOZN~ acd 

(C3H70)2PO$?a a r e  h igh ly  hygroscopic) and tha  simplest ex- 

p l ana t ion  of t h e  above proce3s is  t h a t  these groups lie ofi t h a  

outs ide  of t h e  s t r u c t u r n l  u n i t s .  Furthermore tlm re&y ava”ils- 

b i l i t y  of the  phosphate groups f o r  i n t e r a c t i o n  with p ~ o t t l n s  

can a l s o  be explained t h i s  way. 

1 , namely t h a t ,  

The hygroscopic p a r t  o f  the molecule m y  ba 



The above es t imate  of 20A diameter was baaed on the 

as3umption of a s ing le  s t r and  h e l i x .  That i a ,  the  first 

m a x i m o n  the  n t h  l aye r - l i ne  corresponds t o  the first zaxbnilm 

i n  Jn(2Tii.R) . 
u ,  r i s  t h e  r a d i u s  of the. h e l i x  and R the d is tance  frors  the  

f i b r e - a x i s  d i r e c t i o n  i n  r e c i p r o c a l  space. 

Where J n ( U )  is t h e  nth order Bessei  ?unction of  

The s t rong  meridional  maximum a t  3.4 A' l i e s  accura te ly  

on the  10th  l a y e r - l i n e ,  From this new l i n e s  of  maxim 

eminate, as  from t h e  o r i g i n ,  c ross ing  t h e  o r i g i n  s e r i e s  on 5Ls 

5th l a y e r - l i m ,  corresponding t o  a Sg(u )  f o r  each s e r i e s ,  2sc- 

f i rming  t h a t  t h e  second o r i g i n  does l i e  on t h e  10t 'n  l & y e T - l i m .  

T h i s  t hen ,  i nd ica t e s  t ha t  t he re  a re  10 s t r u c t u r a l  uni t3  In  o m  

. t u r n  of t he  s ing le-a t rand  h e l i x .  For a h e l i x  o f  diameter 20 A0 

this g ives  a d i s t ance  of 6 A  between neignbourlng un i t s  i n  oil8 

molecule, which is  a reasonable d is tance  f o r  t'ne P-P value i n  

NaDNA. ( t h i s  d i s t ance  i n  a f u l l y  extended chain i s  6.8 A').  

I f ,  ins t ead  o f  a s ingle-s t rand  h e l i x  w e  propose 2 equa i iy  

spaced co-axia l  h e l i c a l  molecules, the  f i r s t  maxixu9 on i;La 

nth l a y e r - l i n e  correspondsto t h e  f irst rnaxiinun i n  JZn(21,"r,?j. 

Since our value of R is f i x e d  and t h e  f i r s t  maximm In J ~ ( x )  

occurs a t  very n e a r l y  twice t h e  value i n  x of ths first maxixaul 

i n  J l ( x )  (which gave us 2r h20A0) the value of  2 r  f o r  a 

2-strand h e l i x  must be 40 A'. The cross-sec t ion  oi" the  

h e l i x  would then  be considerably g rea t e r  t h n  t h a t  of  t k a  

pr imi t ive  c e l l  i n  tb c r y s t a l l i n e  s t r u c t u r e  A ,  and t h i s  would 

seem h igh ly  improbable. The same argument, w i t h  even nore 

f o r c e ,  e l imina te s  the p o s s i b i l i t y  of 3 equal ly  spaced co-axial 

h e l i c a  1 molecules . 
I On the theory of a s ingle-otrand h e l i x ,  the sor5es  of 

e q u a t o r i a l  maxima should correspond t o  the  maxima of J o ( 4 S ; ~  sin e ) .  
The maxima on our photograph do n o t ,  however, f i t  this function. 

T h i s  i s  r a t h e r  t o  be expected. For we know tha t  tha h e l i x  s o  

Tar considered i s  only the most impor t an t  member o f  a s e T i e s  of 

co -ax ia l  h e l i c i e s  of d i f f e r e n t  r a d i i ,  the  nonlj$issghatos p a ~ t a  



of the  molecule must lie on a s e r i e s  of co-axial h e l i c i e s  

of  smaller  r a d i i .  Following Crick, Cochran and Vand', the 

s t r u c t u r e  f a c t o r  on the nth layer - l ine  for a s e r i e s  of co- 

(here give d e f i n i t i o n s  ) 

Simplifying this, for the ease of a whole number of residues 

per turn of the h e l i x ,  we r e a d i l y  obta in  

It follows thaf 

maxima on the l a y e r -  

th l&'rgest diameter, 

of x j  and xk smaller 

From t h i s  i t  is evident  t ha t  the innermost 

l i n e s  w i l l  always be given by the h e l i x  of  
containing 

the  terms -Zag Jn(xj) Jn(xk)  f o r  values 

than the maximum being, in  the region of the first maxima, very 

small .  

owing t o  t h e  appearance of important neeat ive terms i n  the 

express ion  for I. 

Later maxima, however, may be o b l i t e r a t e d  or  s h i f t e d  

Thus, while we do not a t t e m p t ' t o  o f f e r  a complete i n t e rp re -  
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t a t i o n  of t h e  fibre-diagram o f  s t r u c t u r e  B,  we may s t a t e  the  

following conclusions The s t r u c t u r e  is probably helical. 

The phosphate groups l i e  on the  outs ide of the s t r u c t u r a l  

u n i t ,  on a h e l i x  of diameter about 20 A .  There are 10 

phosphate groups per cha in  i n  one t u r n  of the helix. The 

s t r u c t u r e  does not conta in  more than one equivalent  co-axial  

chain, but  the p o s s i b i l i t y  of non-equivalent co-axial chains 

- 

i s  not  e l iminated.  

The t o t a l  absence of an inner  maximum on the f o u r t h  

l a y e r - l i n e  suggest8 ‘ t h a t  i f  t h e r e  are 2 non-equivalent co- 

a x i a l  chains  these  a r e  separa ted  b y 2  of the  fibi.2-axis 

per iod,  t h a t  is by % A  in  the f ib re -ax i s  d i r ec t ion .  
8 

9 1.34 


